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By adopting multiple-input multiple-output (MIMO) and orthogonal frequency-division multiplexing (OFDM) technologies,
indoor wireless systems could reach data rates up to several hundreds of Mbits/s and achieve spectral eﬃciencies of several tens of
bits/Hz/s, which are unattainable for conventional single-input single-output systems. The enhancements of data rate and spectral
eﬃciency come from the fact that MIMO and OFDM schemes are indeed parallel transmission technologies in the space and
frequency domains, respectively. To validate the functionality and feasibility of MIMO and OFDM technologies, we set up a four-
transmitter four-receiver OFDM testbed in a typical indoor environment, which achieves a peak data rate of 525Mbits/s and a
spectral eﬃciency of 19.2 bits/Hz/s. The performances including MIMO channel characteristics, bit-error rate against signal-to-
noise ratio curves, the impairments of carrier frequency oﬀset and channel estimation inaccuracy, and an asymmetric MIMO
scheme are reported and analyzed in this paper.
Copyright © 2006 Hindawi Publishing Corporation. All rights reserved.
1. INTRODUCTION
Combination of multiple-input multiple-output (MIMO)
and orthogonal frequency-division multiplexing (OFDM)
technologies enables wireless communications systems to
easily exceed the maximum intersymbol interference (ISI)
free data rate, which equals the reciprocal ofmaximum excess
delay of the wireless channel the signal passing through. Bell
Laboratory layered space-time (BLAST) scheme is a com-
mon used MIMO technology, which sends independent user
information over multiple antennas at the same frequency
and bandwidth simultaneously. MIMO systems adopting
BLAST scheme can reach spectral eﬃciencies of several tens
of bits/Hz/s [1], which are unattainable for conventional
single-input single-output (SISO) systems. The secret is that
MIMO systems deliver information in parallel in the space-
domain. On the other hand, OFDM is a parallel transmis-
sion technology in the frequency domain, which delivers in-
formation over a set of orthogonal subcarriers. The number
of subcarriers is deliberately selected to allow each subcar-
rier to experience flat fading. Furthermore, OFDM systems
eﬃciently eliminate the ISI by the use of cyclic prefix (CP).
When adopting the two parallel transmission technologies,
an indoor wireless link could oﬀer data rates much greater
than those that defined by current wireless local areas net-
work (WLAN) standards.
The authors have reported a three-transmitter three-
receiver (3 × 3) MIMO testbed oﬀering a data rate of
281.25Mbits/s [2] and a real-time two-transmitter two-
receiver (2 × 2) space-time coding MIMO testbed reaching
a data rate of 30Mbits/s [3]. Additionally, there are several
MIMO testbeds in recent literatures [1, 4–8]. Bell Labora-
tory realized a 8 × 12 MIMO testbed achieving a spectrum
eﬃciency of 25.9 bit/Hz/s at 1.9 GHz with 30KHz band-
width [1]. The Iospan wireless company established a 2 × 3
MIMO broadband wireless prototype oﬀering a data rate of
13.6Mbits/s [4]. The University of Bristol completed a 4× 6
MIMO testbed at 5GHz realizing a data rate of 96Mbits/s
[5]. TheMotorola company finished a 2×2MIMO testbed at
3.65GHz oﬀering a data rate of 180Mbits/s [6]. The Brigham
Young University (BYU) developed a real-time 4× 4 MIMO
testbed using multiple TMS320C6203 DSPs and achieving a
data rate of 4Mbits/s [7]. Table 1 compares the key parame-
ters and specifications of the above MIMO testbeds.
The main contributions of this paper are the presenta-
tion of the measured bit-error rate (BER) versus signal-to-
noise ratio (SNR) curves, the comparison of the experimen-
tal data with simulation results based on the indoor MIMO
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3× 3 281.25Mbits/s 2.435GHz/19.5MHz 14.4 bits/Hz/s 64-QAM/OFDM 2004
testbed #1 [2]




30Mbits/s 2.435GHz/6.25MHz 4.8 bits/Hz/s 64-QAM/OFDM 2002
Bell Laboratory
8×12 777.6 Kbits/s 1.9 GHz/30KHz 25.92 bits/Hz/s 16-QAM 1999
testbed [1]
Iospan wireless
2× 3 13.6Mbits/s 2.5–2.6GHz/2MHz 6.8 bits/Hz/s 64-QAM/OFDM 2002
testbed [4]
University of Bristol
4× 6 96Mbits/s 5GHz/12MHz 8 bits/Hz/s QPSK/OFDM 2001
testbed [5]
Motorola
2× 2 180Mbits/s 3.65GHz/20MHz 9 bits/Hz/s 64-QAM/OFDM 2001
testbed [6]
BYU testbed [7]
4× 4 2Mbits/s 2.45GHz/250KHz 8 bits/Hz/s QPSK 2001
(real-time mode)
channel model given by IEEE 802.11 study group [9], and
the exploration of the impairments of carrier frequency oﬀ-
set and channel estimation inaccuracy. We also propose an
asymmetric MIMO scheme to eﬃciently enhance the robust-
ness of MIMO wireless links. This work is a continuation of
[2]. In [2], we focused on the configuration of the testbed,
time, and frequency synchronizations, and BLAST demodu-
lation algorithms.
In addition, we increase the sample rate of baseband sin-
gle from 25 mega-samples per second (MSPS) to 35 MSPS
and upgrade the MIMO configuration from 3 × 3 to four-
transmitter four-receiver (4× 4). Then the upgraded testbed
achieves a data rate of 525Mb/s and a spectral eﬃciency of
19.2 bits/Hz/s.
This paper is arranged as follows. Section 2 briefly re-
views the system design, the configuration of the testbed,
and the experiments. Section 3 studies the characteristics of
4 × 4 MIMO channel by exploring the condition number
of MIMO channel. The time variations of the MIMO chan-
nel are investigated as well. In Section 4, the measured BER-
SNR curves are presented and compared with the simula-
tion results based on the MIMO channel model. We then
discuss the degradation of the BER-SNR curves caused by
channel estimation inaccuracy. In Section 5, we investigate
the degradation of the BER-SNR curves caused by carrier
frequency oﬀset. To enhance the transmission robustness,
Section 6 suggests adopting an asymmetric MIMO scheme,
which decreases the performance sensitivity to the channel
status. Conclusions are given finally.
2. SYSTEM OVERVIEW AND THE EXPERIMENTS
In order to demonstrate a high-speed indoor wireless link
adopting MIMO and OFDM technologies, we set up a 4× 4
testbed in the software radio laboratory at Georgia Institute
of Technology in April 2004. The testbed runs in an oﬄine
mode which transmits and captures the signal in a real-time
mode but processes it oﬄine. Oﬄine testbeds can eﬃciently
validate the functions and performances of a wireless com-
munication systemwithmuch simple implementations com-
pared to real-time testbeds and thus have been widely used
for research-oriented eﬀorts.
The key specifications of the testbed are as follows. At
first, we select a center frequency of 2.435GHz because of
the available federal communications commission (FCC) li-
cense. Then we adopt the fast Fourier transformation (FFT)
with a block size of 256. The baseband signals are sent in a
rate of 35 MSPS. If the IEEE 802.11a based OFDM symbol
configuration is used, the CP has a duration of 0.46 us (16
complex samples), which is less than the typical maximum
excess delay of indoor channels, 0.8–1.2 us. In order to extend
the CP and keep a reasonable time domain overhead (the ra-
tio of the length of CP to that of an OFDM symbol), we need
to increase the FFT block size. However, the FFT complexity
increases with its block size as well. Considering the above
two factors, the FFT with a block size of 256 is selected to en-
large the CP duration to 1.8 us (64 complex samples), greater
than the typical maximum excess delay of indoor channels.
Meanwhile, the corresponding computation load is still ac-
ceptable. We further adopt the short and long preambles de-
fined by the IEEE 802.16 standard due to the same block size,
which are used to time and frequency synchronizations and
channel estimation, respectively.
The data rate of a wireless communication system could
be determined by multiplying the spectral eﬃciency of
the modulation used and the bandwidth occupied. In the
testbed, we transmit and receive the baseband signal at a
sample rate of 35 MSPS, which implies the signal occupies
a bandwidth of 35MHz. To fit the FCC spectrum mask, 56
of 256 subcarriers are not used, which lead to a frequency
domain overhead of 78.125% and reduce the signal band-
width from 35MHz to 27.3438MHz [8]. As we know, pi-
lots are normally used to track the variations of the channel
state and carrier frequency oﬀset after they have been ini-
tially estimated by using the preambles. These are designed
for the highly variable channel environments. Since the fast
















































DDC: digital down converter
Figure 1: The configuration of a 4× 4 MIMO OFDM testbed.
baseband signal sample rate and the short fixedOFDM frame
(45OFDM symbols) adopted in the testbed, the channel state
and frequency oﬀset during one OFDM frame period are re-
garded as invariable. We then adopt all 8 pilots for data trans-
mission and increase the data rate by about 4%. (Even pilots
are also intended for tracking the phase noise. We ignore its
impairments since our testbed use Agilent signal generators
which have very low phase noise.)
In the meantime, the overhead in time domain due to
the use of CP is 256/320 = 80%, where an OFDM symbol
has 320 samples including a 64-sample CP. The testbed also
adopts a 4 × 4 configuration oﬀering four times data rate
compared to a SISO system and the 64 quadrature ampli-
tude modulation (QAM). Finally, the actual peak data rate
is 35 × 6 × 4 × 200/256 × 256/320 = 525Mbits/s and the
spectrum eﬃciency is 19.2 bits/Hz/s.
The configuration of the testbed, shown in Figure 1, con-
sists of four synchronized transmitters and four synchro-
nized receivers. At the transmitters, four Agilent ESG4438C
signal generators are employed to synchronously generate
four independent OFDM frames, each of which consists of
one short preamble, four long preambles used to MIMO
channel estimation and 40 payload symbols. The OFDM
frames are preloaded to the memories of the signal gener-
ators and are sent either in a burst mode or a continuous
mode. A trigger signal provided by an Agilent ESG4422 sig-
nal generator is used to initiate the MIMO transmission. The
receivers include low noise amplifies, RF down converters,
analog-to-digital converters (ADC), digital down converters
and PowerPC processors. An external clock is employed to
allow the four receivers to work synchronously. Four RF sig-
nals from four receive antennas are down converted and then
sampled by four ADCs. The sampled baseband signals are
passed to a computer as four individual data files via an Eth-
ernet interface. A MIMO OFDM demodulation program is
applied to recover the four independent user data streams.
The demodulation processing includes time synchroniza-
tion, frequency synchronization, channel estimation, FFT,
BLAST demodulation, and 64-QAM demapping. Their per-
formances and computation loads are discussed in [2].
The experiments were conducted in the second floor
of the Georgia Centers for Advanced Telecommunications
Technologies building located at 250 14th street, Atlanta,
Georgia. Figures 2 and 3 show the pictures of the transmit-
ters and receivers. Two uniform linear antenna (ULA) arrays,
consisting of four elements separated by three wavelengths,
are mounted at the transmitters and receivers, respectively.
Each element is a 2.4 GHz dual polarized (horizontal po-
larization and vertical polarization, linear) omni-directional
antenna covered by a radome. We select three typical loca-
tions to represent the common indoor wireless link scenar-
ios. The first place represents a line-of-sight (LOS) wireless
link within a typical laboratory. The second case is a non-
LOS wireless link blocked by a wall and the third is a non-
LOS wireless link from the laboratory to the corridor. All the
three positions are shown in Figure 4.
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Figure 2: The transmitters of the 4× 4 MIMO OFDM testbed.
Figure 3: The receivers of the 4× 4 MIMO OFDM testbed.
3. THE CHARACTERISTICS OF MIMO
WIRELESS CHANNELS
We allocate the whole 27.3438MHz bandwidth to 200 sub-
carriers and each subcarrier occupies 136.7 KHz bandwidth,
less than the coherence bandwidth of a typical indoor wire-
less channel. Then we assume that each subcarrier goes
through a flat fading channel and an one-tap frequency
equalizer for each subcarrier is suﬃcient to compensate the
channel distortions.
For a 4× 4 MIMOOFDM system, an OFDM symbol can
be expressed as follows,
rk = Hkak +wk (k = 1, . . . , 200), (1)
where rk = [r1,k, . . . , r4,k]T , ak = [a1,k, . . . , a4,k]T , and wk =
[w1,k, . . . ,w4,k]T are 4 × 1 receive signal, transmit signal,
and Gaussian noise vectors. The elements, ri,k, ai,k, and wi,k,
i = 1, . . . , 4, represent the receive signal, transmit signal,
and Gaussian noise at ith antenna over kth subcarrier, re-
spectively. Hk is a 4 × 4 matrix, of which the element Hi, j,k
i, j = 1, . . . , 4, represents the channel complex gain from the
jth transmitter to ith antenna over kth subcarrier. Normally,








Figure 4: The floorplan of the building in which the LOS andNLOS
measurements were made.
the 4× 4 unit matrix and (·)H represents conjugate transpo-
sition. σ2s and σ
2
o are the QAM symbols average power and
noise variance. For 64-QAM modulation, we have σ2s = 42.
The MIMO channel information is the decisive precon-
dition for BLAST modulation. The MIMO channel is es-
timated by using four long preambles as the training sig-
nals. The training signals are configured to form a unitary
matrix, expressed in the following equation. This configu-
ration can significantly simplify the computations because




Tr1,1 Tr1,2 Tr1,3 Tr1,4
Tr2,1 Tr2,2 Tr2,3 Tr2,4
Tr3,1 Tr3,2 Tr3,3 Tr3,4






1 −1 −1 −1
1 1 1 −1
1 −1 1 1




where Tri, j is the jth training OFDM symbol at the ith trans-
mitter. Pl is the long preamble defined by the IEEE 802.16
standard [8].
Figure 5 shows an example of the measured 16-channel
frequency response position 1. For comparison, the channel
gains are normalized to eliminate the path loss. As we can see
from the figure, the channel responses exhibit evident fre-
quency selectivity.
In MIMO systems, the characteristics of the channel ma-
trix decide the system capacity. Let ρi,k, i = 1, 2, 3, 4, repre-
sent the ordered singular values of the channel matrix at kth
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Figure 5: A measurement of 16-channel frequency responses at position 1.
subcarrier, that is, ρ1,k ≥ ρ2,k ≥ ρ3,k ≥ ρ4,k. Then the condi-




Figure 6 shows the condition numbers at diﬀerent sub-
carriers associated with the MIMO channel shown in
Figure 5. We define the average condition number over all
the subcarriers as the condition number of a MIMO OFDM






The capacity for kth subcarrier and the total capacity over
all subcarriers are given by














where Wk is the bandwidth of kth subcarrier and SNR is the
signal-to-noise ratio.
For a nonadaptive transmission, the channel status in-
formation is unknown to the transmitter and the transmit-
ted power is evenly allocated to all the subcarriers. Under the
condition, the MIMO channel with a lower condition num-
ber has a higher capacity. Particularly, when Hk
HHk = 4I4,
the capacity C reaches its maximum value. That is,
Cmax = 4W log2(1 + SNR), (6)
where the W is the total bandwidth and W = 200 × Wk.
For this case, the singular values are ρi,k = 2, i = 1, 2, 3, 4,
and the condition number is c = 1. Figure 7 shows the sim-
ulation results and the fitting curve reflecting the variations
of the normalized capacity, C/Cmax, against the channel con-
dition numbers where the SNR = 30 dB. The relationship
between the channel condition number and normalized ca-
pacity is not unique and determined because several MIMO
channel matrices could have similar condition numbers but
diﬀerent system capacities. Statistically, the MIMO channel
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Figure 6: The condition numbers at diﬀerent subcarriers for the


























Figure 7: The distribution of the normalized capacities versus the
channel condition numbers where the SNR = 30 dB.
with a condition number of 10 reaches about 75% of the
maximum capacity.
Next, we observe the time variations of the MIMO chan-
nel. During the experiments, the transmitters and receivers
are fixed while some pedestrians were moving around.
Figure 8 shows the time variations of the condition num-
bers for the MIMO channels at the three diﬀerent locations.
In order to observe the MIMO channel variation in a pe-
riod of several minutes, ten continuous MIMO channels are
extracted and recorded in an interval of about one minute
for each location. From Figure 8, we can see that the in-
door channel variations are much lower compared to out-
door channels and mainly caused by the movements of the
pedestrians and other inferences, like Bluetooth signals, and
























Figure 8: The variations of channel condition number measured at
three diﬀerent positions.
are with LOS link and have less variations comparing to po-
sition 2 and 3. On the other hand, the MIMO channels at
position 2 and 3 have NLOS links and lower condition num-
bers meaning larger capacities.
4. SYSTEM PERFORMANCE: BER-SNR CURVES
The BER-SNR curve is a critical performance for a wireless
communication system, which reflects the power eﬃciency.
A SISO OFDM system with 64-QAM modulation has the
same BER-SNR performance with single carrier system if the
errors introduced by the FFT/inverse FFT (IFFT) processing
are negligible. The BER-SNR curve of single carrier 64-QAM









where Q(x) = (1/√2π) ∫∞x e−t2/2dt, Pb is the bit error prob-
ability, Eb is signal energy per bit, and N0 is power density
of Gaussian noise. It is quite predicable that a 4 × 4 MIMO
OFDM system has a much larger BER than a SISO OFDM
system. The four transmitted signals are mixed with each
other during the propagation. When one of them is sepa-
rated during the demodulation, the others are presented as
additional noise.
Figure 9 gives the measured BER-SNR curves of the 4× 4
MIMO OFDM system at three locations shown in Figure 4.
The SNR varies from 0 dB to 40 dB, a reasonable upper
bound for an actual wireless system. Ten trials are measured
at each position. From the figure, we see that the 4×4MIMO
OFDM system presents a quite fair BER-SNR performance.
This makes it imperative to adopt some advanced wireless
transmission schemes, like powerful coding, diversity and
adaptive modulation, to decrease the BER of MIMO wireless
link.














A 4× 4 MIMO OFDM system with 64-QAM
Figure 9: The BER-SNR curves measured at the three positions.
It is meaningful to compare the experimental data with
the simulation results derived from the MIMO channel
model which are applicable for indoor environments. In the
paper, we adopt the channel model suggested by the IEEE
802.11 task group [9]. To simulate the testbed configuration
at location 3, the following setups are used. Two ULA arrays
with four elements spaced by 3 wavelengths are adopted at
the transmitter and receiver. The distance between the trans-
mitter and receiver are about 3 meters with non-LOS wireless
links. D model is selected representing a typical oﬃce or lab-
oratory environment. The pedestrians are moving around at
a speed of 1.2 Km/hr, while the fluorescent eﬀects are con-
sidered as well. Figure 10 shows the comparisons of the mea-
sured BER-SNR curves with simulation results at location 3.
The performance match between the experimental data and
simulation results validate the eﬃciency of the MIMO chan-
nel model defined by [9] for an indoor environments with
the given bandwidth and frequency.
We investigate the degradation of the BER-SNR per-
formance caused by the estimation inaccuracy of MIMO
channel due to the finite resolution of ADC/DAC and the
unavoidable processing errors. Figure 11 shows the impair-
ments of BER-SNR performance caused by the inaccuracy of
channel estimation. Assume that the estimated channel com-
plex gain is ĥ = h + αζ , where the h is the real channel com-
plex gain, α is a factor, and ζ is a complex Gaussian variable
with zero mean and a variance of 1. The relative channel in-
accuracy is defined by d = α2/|h|2 × 100%. The results show
that theMIMOOFDM systems are susceptible to channel es-
timation inaccuracy. A channel estimate with an inaccuracy
of less than 0.01% is required for a 4× 4 MIMO system.
5. THE IMPACTS OF CARRIER FREQUENCY OFFSET
Carrier frequency oﬀset is a commonmisalignment for wire-













A MIMO OFDM system with 64-QAM

















A MIMO OFDM system with 64-QAM
Figure 11: The requirements of the accuracy of the channel esti-
mate. (Based on the MIMO channels at position 1.)
drifts between the local oscillators at transmitters and re-
ceivers. The frequency oﬀset breaks the orthogonal condition
between the subcarriers which decreases the amplitude of the
wanted signal and introduces additional intercarrier inter-
ferences (ICI). The frequency oﬀset results in an additional
signal-to-interference ratio (SIR) equivalently. In the view of
the demodulated QAM symbol constellations, the frequency
oﬀset leads to rotation of the constellations from their ideal
positions in a direction decided by the sign of the frequency
oﬀset. Figure 12 gives an example of the demodulated QAM
symbols distorted by a carrier frequency oﬀset of 0.05, where
the frequency oﬀset is normalized by the subcarrier spacing.
The impairments of carrier frequency oﬀset are distinct from
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Figure 12: The impacts on constellations for 64-QAM systems
















A MIMO OFDM system with 64-QAM
Figure 13: The impacts on the BER-SNR curves of the carrier fre-
quency oﬀsets at the position 1.
Gaussian noise and cannot be compensated for by simply in-
creasing the transmitted power. The receiver has to detect
the carrier frequency oﬀset and compensate for the distor-
tions in either frequency domain or time domain. Figure 13
shows the BER-SNR performance degradations against car-
rier frequency oﬀset. It is easy to see that the BER-SNR
curves of MIMO systems demonstrate a high sensitivity to
frequency oﬀset when compared to SISO systems. As we can
see from Figure 13, the 4× 4 MIMO OFDM systems require
frequency synchronization with an oﬀset less than 0.01, that
is 1.367 KHz.
6. ASYMMETRIC MIMO SYSTEM: THE PERFORMANCE
OF A 3× 4 MIMO OFDM SYSTEM
The sensitivity of the performance of MIMOOFDM systems
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A MIMO OFDM system with 64-QAM
Figure 14: The BER-SNR curves of the suggested 3× 4 asymmetric
MIMO OFDM system.
challenges to establish low-cost commercial MIMO OFDM
systems. In the meantime, the capacities of MIMO systems
vary with the MIMO channel statuses. All of these provide
the researchers a host of new research topics.
Here we propose an asymmetric MIMO system config-
uration to take the advantage of redundant receive signals.
A three-transmitter four-receiver (3 × 4) MIMO system is
constructed by simply turning oﬀ one of the transmitters.
In such a case, there are four receive signals, generating four
choices to select three of them. The receiver compares and se-
lects the three signals that give a lowest BER. A 3× 4 MIMO
OFDM system oﬀers an improved BER-SNR performance
statistically compared to a 3 × 3 MIMO system with a data
rate of 393.75Mb/s. Figure 14 gives the four BER-SNR curves
at location 1 and the one with lowest BER is selected. This is a
simple selective diversity scheme for asymmetric MIMO sys-
tems.
Furthermore, we introduce a so-called forward estimate
BLAST demodulation method to asymmetric MIMO systems.
The MIMO channel condition number reflects the system
capacity roughly and the computation loads for calculating
singular values are much less than the BLAST demodulation.
Approximately, the singular values can be acquired during
the singular value decomposition (SVD) of the channel ma-
trix, which is part of the processing of channel matrix in-
version. For typical order decision feedback (ODF) BLAST
method, the computation includes three times of order de-
cision, channel matrix inversion, and matrix multiplication.
To avoid three times repeat of the BLAST demodulation,
we compare the condition numbers of all the four 3 × 3
MIMO combinations before the BLAST modulation and se-
lect the configuration with smallest condition number, which
is shown in Figure 15. Table 2 lists the four combinations and
related condition numbers, where the combination of #2, #3,
and #4 receivers give the smallest condition number of 4.5




















Figure 15: The diagram of the suggested 3× 4 asymmetric MIMO OFDM system.
Table 2: The combinations and related condition numbers.
Selection Condition number
#1, #2, and #3 receivers 6.2
#1, #2, and #4 receivers 9.3
#1, #3, and #4 receivers 7.1
#2, #3, and #4 receivers 4.5
and is selected. From the results, the selected configuration
provides a gain of 3–10 dB comparing to the others.
Compared to the other advanced wireless transmission
techniques, like coding and adaptive modulation, the asym-
metric MIMO scheme is regarded as a cost-eﬀective solution
since it only requires one or more additional RF receivers and
a selection algorithm. Whereas a powerful coding likely re-
duces the achievable data rate as well as results in large pro-
cessing latency. And an adaptive transmission requires com-
plex parameter estimation, prompt, and accurate feedback
and duplex channel.
7. CONCLUSION
A 4 × 4 MIMO OFDM indoor wireless communication
testbed is set up, which oﬀers a peak data rate of 525Mb/s
with a spectral eﬃciency of 19.2 bits/Hz/s. The experiment
results verify the feasibility to achieve extreme high data rate
by adopting MIMO and OFDM parallel transmission tech-
nologies. The match of the experiment data and simulation
validates the eﬃciency of the channel model defined by IEEE
802.11 study group for indoor MIMO channels at center fre-
quency of 2.435GHz with a bandwidth about 27MHz.
In the meantime, the experimental results demonstrate
the BER-SNR performance of the MIMO OFDM systems is
quite fair and susceptible to the various misalignments, such
as frequency oﬀset and channel estimation inaccuracy. The
enabling technologies, such as coding, diversity, and adap-
tive transmission, are needed to decrease the BER of MIMO
wireless link.
An asymmetric MIMO scheme is proposed as a cost-
eﬀective way to improve the BER-SNR performance. This
scheme is suitable for low-cost commercial products. An ef-
ficient scheme that optimally combines all the four received
signals will be studied.
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